Abstract
Introduction
The final decade of this century is characterized by a greater awareness by both individuals and governments of the importance of natural resources. A great many of the wild plants that form part of the vegetation in jungle areas could be used as sources for a variety of products, such as oils, colourants, alkaloids, and substances with natural fungicide or herbicide properties, which could have immediate uses in the chemical and pharmacological industries. Exploiting these plants could be one way of appreciating the jungle rather than destroying it. Besides serving as foods, they could also be a source of income for the people living in that area, who themselves sometimes destroy forests to create farmland.
Archaeobotanic studies carried out in Río Caquetá [I. Cavelier and C. Rodriguez, personal communication, 1998] confirmed that for more than 9,000 years, groups of hunters-harvesters settled in the Amazon region of Colombia have eaten fruits of palms from the Aracaceae (Palmae) family [1, 2] : Attalea racemosa, Euterpe precatoria, Mauritia flexuosa (commonly known as canangucha amarilla), Oenocarpus bataua, Oenocarpus bacaba, Jessenia bataua, Oenocarpus mapora, Astrocaryum aculeatum, Astrocaryum sciophylum, Astrocaryum jauari, Astrocaryum gynacanthum, Maximiliana maripa, and Bactris affriparia. Of these, the first five are the species gathered most by the Huitoto, Andoque, Yukuna, Muinane, and Miraña tribes. They consume the mesocarp cooked or in the form of a drink called chicha or cahuana, which contributes a substantial amount of fat and carbohydrate to their diet.
The only species studied from a nutritional viewpoint have been O. bataua (commonly known as seje or milpesos) and J. bataua. The former has been compared with mother's milk due to its high nutritive value [3] , whereas oil from J. bataua has been compared with olive oil because of its very similar fatty acid and sterol composition [4] .
The aim of this study was to gather information on the chemical composition, nutritive value, and fatty acid content of the wild-gathered fruits of certain palm species that are frequently eaten in the Amazon region of Colombia.
Materials and methods

Origin and preparation of samples
The palm species used in this study were Attalea racemosa, Euterpe precatoria, Mauritia flexuosa, Oenocarpus bataua, and Oenocarpus bacaba from the Amazon region of Colombia in the Putumayo and Amazonas Regions (Southwest Colombia) on the Brazilian border, a region of primary jungle with poor lateritic soil including moist forest and rain forest areas with temperatures of 24°C or more and average rainfalls of between 2,000 and 4,000 mm annually.
The fruits were picked when ripe, frozen and packed in isothermic containers, and immediately shipped by air to the University del Valle (Cali, Colombia). In the laboratory, they were thawed to refrigeration temperature, the mesocarp, kernel, and outer shell of the fruit were separated, and each fraction was ground separately in a Willey grinder with a 0.5-mm sieve and assayed. Samples of oil from the mesocarp of E. precatoria and O. bacaba obtained in the traditional fashion by a native woman in the Peña Roja community were also sent to the laboratory. The latter yielded two types of oil, one from the mesocarp alone and another from the mesocarp mixed previously with Socratea exhorriza leaves (commonly known as zancona), and known since ancient times as a natural antioxidant. All these samples were stored at 4°C until they were analysed.
Analytical determinations
The moisture content in the samples was determined by drying to a constant weight at 95° to 100°C under pressure (100 mm Hg, 13.3 kPa) [5] . The ash was calculated by ignition in a furnace at about 550°C until constant weight was achieved [6] . Total dietary fibre was determined by the enzymatic-gravimetric method [7] . Fat content was determined by Soxhlet extraction using petroleum ether (b.p. 40°-60°C). Protein was determined by the Kjeldahl method using Buchi (Switzerland) digestion (B-426) and distillation (B-316) units. Total protein was calculated using the conversion factor 6.25 [8] . The nitrogen-free extract given in grams per 100 g of sample was determined by subtracting the sum of the preceding values from 100. This approximately represents the carbohydrates other than cellulose, i.e., starch, hemicellulose, gums, and reducer and non-reducer sugars [9] . The gross energy was assayed using an adiabatic bomb calorimeter (IKA-Calorimeter C4000, Jamke & Kunkel, IKA Analysentecnik, Heitersheim, Germany).
For fatty acid compositional analysis, fats were cold extracted using the Hanson and Olley method [10] and converted to their fatty acid methyl esters using boron trifluoride [11] .
The fatty acids in the oils were identified by Gas Chromatography-Mass Spectrometry (GC-MS) Fisons Trio 1000 GC-MS (Manchester, England), with helium as the carrier gas. Fragmentation was performed by EI+ (electronic impact method for ion production) at 70 eV, Scan mode between 50 and 450 mass units. The mass spectra obtained for all compounds were compared with several standard mass spectra provided by the database of the equipment. Quantification was carried out from peak area components and internal standards with an Autosystem Perkin Elmer gas chromatograph (Norwalk, Conn, USA), with a flame ionization detector. Gas chromatographic detector response correction for each component was considered as well. The quantitative results were obtained by averaging three repeat assays. A silica capillary column Chromosorb WHP 80-100 (25 m × 0.25 mm) of diethylene glycol succinate (DEGS) phase was used to analyse the fatty acids. The column temperature was programmed at 80°C for 5 minutes, from 80° to 190°C at 10°C/minute, and 190°C for 15 minutes. The injector and detector temperatures were set at 250° and 280°C, respectively. The carrier gas was nitrogen at 19.6 psi. Injections were made in the split mode with a split ratio 1:16. The injection volume was 1 ml. The chromatograms were recorded and the corresponding peak areas integrated by a Perkin Elmer Model 1020 Personal Integrator. Table 1 shows the chemical composition (determined on a wet basis) of the different fractions analysed in the fruits of the Amazonian palms studied. The highest fat content was found in mesocarps of A. racemosa and M. flexuosa, with values of 58.1 and 49.1 g/100 g of sample, respectively. Apart from the O. bataua mesocarp, the fat yield of the mesocarps was higher than that of traditional oils: 19, 22, and 24 g/100 g in soya (Soja max), olive (Olea europaea), and sunflower (Helianthus annus) oils, respectively [9] . The fractions of fruits with the highest fat content always had the highest gross energy values, as in the case of mesocarp from A. racemosa, with 759.2 kcal/100 g, and from M. flexuosa, with 637.4 kcal/100 g of sample.
Results and discussion
Chemical composition
The nitrogen-free extract content of the mesocarps, consisting mainly of carbohydrates, varied between 13.4 g/100 g in A. racemosa and 40.6 g/100 g in E. precatoria.
All the kernels of the fruits analysed had low fat levels, always below 5 g/100 g, and a considerable level of nitrogen-free extract, particularly those of O. bataua and M. flexuosa, which had 83.9 and 72.5 g per 100 g of sample.
The only outer shell analysed was that of M. flexuosa, which was analysed because of its oily texture, so different from the more fibrous and dry shells of the other palms. It is noteworthy mainly because of its high fat content (26.7 g/100 g), although its protein content (6.7 g/100 g) and nitrogen-free extract (39.8 g/100 g) are both significant. The outer shell of this palm has been traditionally used to make animal feed.
The levels of proteins in all the fractions analysed were quite low, never exceeding 7.2 g/100 g of product. Although the protein content was lower than that of certain oil-bearing plants such as soya (40 g/100 g) and cottonseed (36 g/100 g), it is nevertheless higher than that of olives, with 1.5 g/100 g of product [9] .
As regards the chemical composition of the different fractions of the palm fruits studied, we may conclude that these foodstuffs provide high levels of energy, since in general they contain a high content of fat in the mesocarp and carbohydrates in the kernels. Table 2 shows the fatty acid composition of the oils extracted from the fractions of fruit with the highest fat content: A. racemosa mesocarp, E. precatoria mesocarp, O. bacaba mesocarp, M. flexuosa mesocarp, and M. flexuosa outer shell, and also the oil extracted by hand in the Amazon region from the O. bacaba and E. precatoria mesocarps. The results were compared with those from commercial olive (Olea europea) and African palm (Elaeis guineensis) oils.
Fatty acid composition
All the oils studied had higher levels of unsaturated fatty acids than saturated fatty acids. As in many vegetable oils, such as olive, sunflower, corn, and soya bean, the main unsaturated fatty acid was oleic acid [12] . Apart from the oil of the A. racemosa mesocarp, the oleic acid content of the other oils (especially E. precatoria mesocarp oil extracted in the laboratory and hand-made O. bacaba mesocarp oil with zancona leaves) was similar to that of olive oil. The unsaturated fatty acid second highest in quantity was linoleic acid, ranging from 1.3 mg/g in M. flexuosa mesocarp oil to 10.4 mg/g in the A. racemosa mesocarp oil.
A. racemosa mesocarp oil had the highest level of saturated fatty acids of all the oils analysed (almost 39 mg/g), although the level was lower that those of palm (Elaeis guineensis) and palmist (obtained from Elaeis guineensis kernels) oils [13] . However, whereas the major saturated fatty acids in each of these last two oils were palmitic acid (almost 42 mg/g) and lauric acid (almost 44 mg/g), respectively, the major saturated fatty acid in A. racemosa mesocarp oil was myristic acid (21.0 mg/g). The saturated fatty acid found in the greatest quantities in the other oils analysed was palmitic acid (ranging from 14.8 to 21.6 mg/g). These levels are higher than the palmitic acid level in olive oil (9.4 mg/g), but far lower than the level mentioned earlier found in African palm oil [13] .
We may conclude that apart from A. racemosa mesocarp oil, the content of fatty acids, especially oleic acid, in Amazonian palm oils is similar to the levels found in oils with a high market value, such as olive oil, and is therefore quite different from the levels found in traditional African palm oil. 
